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Objective: Developmental delay is associated with a subsequent diagnosis of learning disability. However, the relationship 
between the age of reaching infant developmental milestones and later intellectual function within the general population 
remains unresolved. We hypothesized that earlier attainment of developmental milestones would be associated with better sub- 
sequent intellectual performance throughout the range of abilities, rather than confined to extremes. 

Methods: Developmental data were obtained at age 2 years in the National Survey of Health and Development, a representative 
sample of 5,362 children born in the United Kingdom in 1946. Data on intellectual function and educational attainment at ages 
8, 26, and 53 years were also obtained. Multiple linear regression and logistic regression were used to analyze the effect of age 
of reaching developmental milestones on subsequent cognition and educational attainment. 

Results: The age of reaching developmental milestones was associated with intellectual performance at ages 8, 26, and 53 years; 
for every month earlier a child learned to stand, there was, on average, a gain of one half of one intelligence quotient point at 
age 8. Speech development had a small but statistically significant effect on subsequent educational attainment (later developers 
were less likely to progress beyond basic education); this effect was not apparent for motor development. Effect sizes were 
reduced when the slowest developers were excluded, but many effects remained significant. 

Interpretation: The association between later development and poorer subsequent intellectual function is small, but it does 
have theoretical implications; we suggest it is secondary to suboptimal cortical-subcortical connectivity. 
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Individuals who are markedly late in achieving devel- 
opmental milestones are at high risk for a subsequent 
diagnosis of learning disability/mental retardation. ^'^ 
However, it has previously been assumed that, within 
the normal population, there is no relationship be- 
tween the age of passing developmental milestones and 
later intellectual function.^ Until recently, however, 
such factors had never been studied in a population 
sample. Our studies from a population-based sample 
from Finland have indicated that more rapid infant 
motor development is linked to better adult neuropsy- 
chological performance in some cognitive domains,^ to 
school performance and subsequent educational attain- 
ment,^ and even to adult brain structure.*^ Further- 
more, such effects are not limited to late developers 
only as had previously been thought, but rather exist 
throughout the reference range of development. 

The mechanisms underlying infant motor and adult 
cognitive associations remain poorly characterized. One 
possibility is that the neural systems that subserve mo- 
tor development in infancy also contribute to the de- 
velopment and operation of specific cognitive processes 
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later in life. Factors related to efficiencies in such sys- 
tems may be reflected in both rapid motor develop- 
ment early in life and subsequently in improved cog- 
nitive functions. ^'"^ However, a number of questions 
remain concerning the specificity of associations be- 
tween infant development and later cognitive func- 
tions, which, if they could be answered, could shed 
light on the reasons behind the associations. For exam- 
ple, is the effect confined to infant motor development, 
or does it also apply to other developmental domains, 
such as language? Is the effect confined to specific do- 
mains of cognition (eg, executive function), or does it 
also apply to general intellectual function? 

We set out to examine these questions in a large 
British general population birth cohort in which mea- 
surements were available for development in language 
and motor domains in infancy, general intellectual 
function in childhood and adolescence, and specific 
neuropsychological function (eg, verbal fluency, a test 
of executive/frontal lobe function) in adulthood. We 
also were interested in whether the association between 
development and subsequent educational attainment 
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that was demonstrated in Finland would also hold in 
the United Kingdom. 

Subjects and Methods 

1946 Birth Cohort 

Participants were drawn from the Medical Research Council 
National Survey of Health and Development. This birth co- 
hort study is stratified by social class and initially consisted of 
5,362 people selected from all births that occurred in En- 
gland, Scotland, and Wales during 1 week in March 19467 
Information about sociodemographic factors and medical, 
cognitive, and psychological function has been obtained at 
intervals by interview and examination. The sample is re- 
garded as representative, in most respects, of the UK popu- 
lation born singly and within marriage in the years immedi- 
ately after the Second World War.^ 

Developmental Measures, Cognitive Measures, and 
Educational Attainment 

When cohort members were 2 years old, mothers were asked 
about ages (in months since birth) of standing and walking 
unaided, the age of saying words other than names for par- 
ents, and age of teething. A variety of cognitive tests was 
used for this analysis. Nonverbal reasoning, reading compre- 
hension (sentence completion), word pronunciation, and vo- 
cabulary were examined at age 8.^ As adults, participants 
were tested at age 26 on reading comprehension Watts- Ver- 
non Reading Test (sentence completion)'; at age 53, they 
were tested on verbal fluency (animal naming), which is a 
test of executive function, and the National Adult Reading 
Test (NART),^" which tests word pronunciation and reflects 
general intellectual function (for a comparator variable for 
verbal fluency, an advantage of the NART is that it does not 
have any executive component). To enable the cognitive 
scores to be more easily interpretable, we standardized all 
scores to give scores with a mean of 100 and a standard 
deviation of 15 (analogous to how intelligence quotient [IQ] 
scores are usually standardized). IQ scores at age 8 were cal- 
culated by summing the verbal and nonverbal scores and res- 
tandardizing. The highest educational or training qualifica- 
tion achieved by age 26 was dichotomized either as ordinary 
secondary qualifications (O levels and their training equiva- 
lents) or less, or as advanced secondary education (A levels 
and their equivalents) or above.'' 

Statistical Methods 

The association between development and cognitive function 
was investigated with regression models. Separate models 
were used for each developmental domain. We present mod- 
els with cognition (at 8, 26, or 53 years) as the dependent 
variable and development as the independent variable, with 
adjustment for factors known or considered likely to be de- 
terminants of both development and cognitive function: sex, 
socioeconomic conditions, mother's education, and father's 
education. Socioeconomic conditions were defined by the 
British Registrar General's classification of social class and 
based on father's occupation in childhood and own occupa- 
tion in adult life. Tests of association between development 
and cognitive function were repeated with the 5% of the 



sample who were slowest to develop, and those with IQ 
scores of less than 70, excluded to check that any statistically 
significant effect was not driven by those with grossly de- 
layed development. We tested whether relationships between 
development and cognitive function deviated from linearity 
by adding a quadratic term (the square of the developmental 
variable) to the above regression models.'^ For example, in 
addition to examining the linear relationship between IQ 
and age of learning to stand, taking confounding factors into 
account, we went on to examine the relationship between IQ 
and (age of learning to stand) squared, taking confounding 
factors into account. As we use developmental precocity as a 
proxy measure of neural development, we also included a 
control developmental variable, age of teething, which we 
predicted would have no relationship to subsequent cogni- 
tion. Any association between teething and later cognitive 
function would suggest that maternal recall of development 
was biased, or that the association between development and 
cognition was not specifically related to wf«rodevelopment. 

In additional analyses, to test whether change in cognitive 
function between childhood and adulthood differed with de- 
velopmental precocity, models with the cognitive score at age 
26 or 53 as the outcome were flirther adjusted for IQ at age 8. 

The effect of development on educational qualifications 
was assessed by logistic regression, with adjustment for the 
same confounders as for the cognitive function models. All 
statistical analysis was conducted using Intercooled Stata 8.0 
(Stata Corporation, College Station, TX). 

Results 

Missing Data 

Information on at least one cognitive score (IQ at age 
8, reading comprehension at age 26, or verbal fluency 
or NART at age 53) was available for 4,709 subjects. 
Of these, 3,969 (84%) subjects had information on at 
least one developmental variable in addition to com- 
plete information on all confounders, and could there- 
fore be included in the analysis. Those with missing 
information did not differ from those with complete 
information in IQ at age 8 {p = 0.8; n = 4,256), but 
they had higher reading comprehension scores at 26 
ip < 0.0001; n = 3,714) and verbal fluency scores at 
age 53 {p = 0.056; n = 2,949). 

Infant Development and Subsequent 
Cognitive Function 

EFFECTS OF INFANT MOTOR AND SPEECH DEVELOPMENT 
ON SUBSEQUENT COGNITION: LINEAR FITS. Linear mod- 
eling demonstrated that earlier motor development and 
development of speech were significantly associated 
with greater IQ at age 8, higher reading comprehen- 
sion at age 26, and better performance on verbal flu- 
ency at age 53 after adjustment for confounders (Table 
1, Fig 1). Regression coefficients indicate that the effect 
of development on later cognition is small. For exam- 
ple, for every month earlier an individual learned to 
stand, there would be, on average, a gain of one half of 
one IQ point at age 8. Earlier development in speech 
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Table 1. Results of Regression Analyses: Childhood Intelligence Quotient, Reading Comprehension at Age 26, 
Verbal Fluency and National Adult Reading Test at Age 53 Regressed on Developmental Variables with Sex, 
Socioeconomic Conditions, Maternal Education, and Paternal Education Included in the Model as Covariates 


Dependent variable 


Milestone 


n 


P (95% CI) 


T 


P 


IQ at age 8 


Si" CI n n 1 n CT 


3,713 


— 0 SI C— 0 71 —0 ^7") 


5 16 


0.000 






Walking 


^ 714 


— 0 47 f— 0 65 —0 ^0) 


5.39 


0.000 






Snpppn 




— 0 30 ( — 0 40 —0 ?11 


6.03 


0.000 






\ f"f"1"n 1 n CT 
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0.251 


















Reading comprehension 
at age 26 


Standing 


3,106 


-0.30 (-0.52, -0.09) 


2.79 


0.005 








Walking 


3,101 


— 0 22 f— 0 41 —0 0^) 


2.26 


0.024 




1 




Snpprn 


2,933 


— 0 24 (— 0 ^5 —0 13) 


4.32 


0.000 








1 pprninfT 
J. CCLillllli 


3 1 1 S 




0.07 


0.946 


















Verbal fluency 
at age 53 


S n rl 1 n c 

<J Ltlllvlllltl 


2,427 


— 0 37 (-0 63 —0 1 1) 


2.83 


0.005 




1 




Walking 


2,432 


-0.48 (-0.71, -0.25) 


4.08 


0.000 








Speech 


2,340 


-0.23 (-0.36, -0.10) 


3.36 


0.001 








Teething 


2,435 


-0.02 (-0.14, 0.09) 


0.35 


0.728 


















NART at age 53 


Standing 


2,323 


-0.02 (-0.29, 0.24) 


0.05 


0.961 








Walking 


2,326 


-0.11 (-0.12, 0.35) 


0.93 


0.352 




1 




Speech 


2,239 


-0.13 (-0.25, 0.00) 


1.91 


0.056 








Teething 


2,330 


-0.01 (-0.25, 0.22) 


0.12 


0.907 




IQ = intelligence quotient; CI = 


confidence interval; NART = National Adult Reading Test. 
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Fig 1. Intelligence quotient (IQ) at age 8 in relation to age at learning to stand in entire sample: linear regression adjusted for sex, 
socioeconomic conditions, maternal education, and paternal education. 
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Table 2. Results of Regression Analyses Restricted to "Normal Developers": Childhood Intelligence Quotient, 
Reading Comprehension at 26, Verbal Fluency and National Adult Reading Test at Age 53 Regressed on 
Developmental Variables with Sex, Socioeconomic Conditions, Maternal Education, and Paternal Education 
Included in the Model as Covariates 




Milestone 


n 


P (95% CI) 


T 


P 




IQ at age 8 


Standing 


3,506 


-0.29 (-0.54,-0.05) 


2.40 


0.016 








Walking 


3,557 


-0.19 (-0.39, 0.01) 


1.86 


0.06 




1 




Speech 


3,300 


-0.20 (-0.32,-0.09) 


3.39 


0.001 








Teething 


3,506 


-0.03 (-0.25, 0.20) 


0.22 


0.824 


















Reading comprehension 
at age 26 


Standing 


2,935 


-0.03 (—0.30, 0.24) 


0.20 


0.841 




1 




Walking 


2,979 


0.07 (-0.15, 0.29) 


0.61 


0.543 








Speech 


2,780 


-0.19 (-0.31,-0.06) 


2.81 


0.005 








Teething 


2,943 


0.05 (-0.21, 0.30) 


0.37 


0.714 


















Verbal fluency 
at age 53 


Standing 


2,301 


0.06 (-0.29, 0.40) 


0.32 


0.749 








Walking 


2,339 


0.01 (-0.12, 0.13) 


0.12 


0.907 




1 




Speech 


2,171 


-0.20 (-0.36,-0.04) 


2.39 


0.017 








Teething 


2,305 


0.02 (-0.29, 0.34) 


0.15 


0.881 


















NART at age 53 


Standing 


2,222 


0.06 (-0.26, 0.38) 


0.36 


0.719 








Walking 


2,256 


0.23 (-0.03, 0.50) 


1.74 


0.081 




1 




Speech 


2,094 


-0.11 (-0.26, 0.04) 


1.42 


0.156 








Teething 


2,330 


0.01 (-0.25, 0.22) 


0.12 


0.907 




IQ = intelligence quotient; CI = confidence inteival; NART = National 


Adult Reading Test. 







and motor domains was also associated with better 
reading comprehension at age 26. In contrast, there 
was no association between age of teething and later 
cognitive function at any age. There was no association 
between development and NART score at age 53. 



{p = 0.017) also remained significant. However, the 
associations between infant motor development and 
cognition at ages 26 and 53 were no longer statisti- 
cally significant with the slowest developers removed 
from the analyses. 



ANALYSES RESTRICTED TO THE REFERENCE RANGE OF DE- 
VELOPMENT AND INTELLIGENCE QUOTIENT. To check 

that the associations between development and cogni- 
tion were not purely being driven by the latest devel- 
opers, we repeated the analyses having excluded the 
slowest 5% of developers and subjects scoring within 
the learning disability range on IQ tests (IQ < 70; 
Table 2). The associations between age at first stand- 
ing and talking and IQ at age 8 were attenuated, but 
they remained statistically significant (standing: p = 
0.02, Fig 2; speech: p = 0.001). Thus, within the 
reference range of development, for each month ear- 
lier a child learned to stand there was a corresponding 
0.3 point IQ gain at age 8. The associations between 
speech development and reading comprehension at 
age 26 {p = 0.005) and verbal fluency at age 53 



EFFECTS OF INFANT MOTOR AND SPEECH DEVELOPMENT 
ON SUBSEQUENT COGNITION: QUADRATIC REGRESSION 
MODELS. After examining linear relationships between 
IQ and development, we tested for deviation from lin- 
earity by adding a quadratic term in the regression. Us- 
ing the full range of development, we found significant 
quadratic fits between cognitive outcomes and develop- 
mental variables (Table 3; illustrated for standing in 
Fig 3). However, for the reference range of develop- 
ment and normal IQ, there was no significant qua- 
dratic relationship between standing and IQ at age 8 
(Table 4). A quadratic fit remained significant for re- 
lationships between speech development and cognitive 
measures at ages 8 and 26, though not for verbal flu- 
ency at age 53 (see Table 4). 
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Fig 2. Intelligence quotient (IQ) at age 8 in relation to age at learning to stand restricted to reference range: linear regression ad- 
justed for sex, socioeconomic conditions, maternal education, and paternal education. 



EFFECT OF DEVELOPMENT ON CHANGE IN INTELLIGENCE 
QUOTIENT AFTER AGE 8. The majority of the associa- 
tions between developmental data and cognitive mea- 
sures after age 8 were shown to be reliant on the earlier 
relationships between development and IQ at 8, be- 
cause they became nonsignificant when IQ at 8 was 
added into the regression models as an independent 
variable (not shown). The only associations between 
development and cognition that remained significant 
after taking into account IQ at age 8 were the qua- 
dratic associations in the entire sample between age at 
standing and reading comprehension at age 26 and be- 
tween age at first walking and reading comprehension 
at age 26. 

Infant Development and Educational Outcome 
In this sample, 67% of the sample had ordinary sec- 
ondary level qualifications or less and 33% had ad- 
vanced secondary level qualifications or above. For mo- 
tor developmental domains and teething (adjusted for 
confounders), there was no relationship between devel- 
opmental and later educational attainment (standing: 
p = 0.9; walking: p = 0.3; teething: p = 0.6). There 
was a statistically significant association between speech 
development and educational attainment {p = 0.004), 
the later developers were less likely to progress to "A" 
levels; however, the effect is small (odds ratio, 0.97; 
confidence interval, 0.96-0.99). Thus, for each month 
later that an infant developed speech, the odds of pro- 
gressing to "A" levels were reduced by 3% (after ad- 



justment). The effect was only slightly attenuated when 
the slowest 5% of infants were excluded from the anal- 
ysis (OR, 0.976); thus, within the reference range of 
speech development, a 2-month difference in age of 
speaking equated to a 5% difference in odds of pro- 
gressing beyond basic education. The effect was no 
longer significant when IQ at age 8 was added into the 
model as an independent variable. 

Discussion 

In this study, we have shown, in a sample representa- 
tive of the general population, that infant development 
is associated with subsequent general intellectual func- 
tion. Importantly, the effect is not solely driven by late 
developers, but applies within the reference range of 
development, albeit to a slightly reduced degree. This 
extends our previous finding from the Northern Fin- 
land 1966 Birth Cohort that faster attainment of mo- 
tor developmental milestones is related to better adult 
cognitive performance in some domains, such as exec- 
utive function, but not others, such as visual learning.'* 
To date, there has been little population-based re- 
search into the cognitive sequelae of variations in the 
speed of development, but there are some prior studies 
in smaller, nonepidemiological samples that yielded re- 
sults consistent with our findings. Bayley'^ studied a 
sample of 63 subjects followed up from just aft:er birth 
to 36 years; speech development was significantly cor- 
related with subsequent IQ in girls but not in boys. In 
one study of 69 school-aged children seen at a pediat- 
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Table 3. Quadratic Regression Analyses: Childhood Intelligence Quotient, Reading Comprehension at 26, Verbal 
Fluency and National Adult Reading Test at Age 53 Regressed on Developmental Variables with Sex, 
Socioeconomic Conditions, Maternal Education, and Paternal Education Included in the Model as Covariates 




Milestone 


n 


P for Linear Term 
(95% CI) 


T 


P 


P for Quadratic 
Term (95% CI) 


T 


P 




IQ at age 8 


Standing 


3,713 


0.87 (-0.02, 1.76) 


1.92 


0.055 


-0.05 (-0.09, -0.02) 


3.13 


0.002 








Walking 


3,714 


1.53 (0.64, 2.42) 


3.37 


0.001 


-0.07 (-0.10, -0.04) 


4.50 


0.000 




1 




Speech 


3,581 


0.70 (0.23, 1.17) 


2.94 


0.003 


-0.03 (-0.05, -0.02) 


4.31 


0.000 








Teething 


3,726 


0.14 (-0.39, 0.66) 


0.51 


0.609 


-0.01 (-0.04, 0.01) 


0.98 


0.329 
























Reading com- 
prehension 
at age 26 


Standing 


3,106 


1.68 (0.68, 2.67) 


3.29 


0.001 


-0.08 (-0.11, -0.04) 


3.98 


0.000 








Walking 


3,101 


2 01 fl 10 ^ 07) 


4.13 


0.000 


—0 07 (■— 0 11 —0 04) 


4.65 


0.000 




1 




speech 


2,993 


0 41 f — 0 10 0 91) 


1 56 


0.1 18 


— 0 0?f — 0 04 —0 00) 


2 54 


0.011 








1 /^f"rn 1 n rr 
J. CCl-liiliti 


^ 1 1 S 


_f) nn (_n net n S41 


0.02 


0.988 


— 0 nn f — n nj n nj) 


0.01 


0.992 
























Verbal fluency 
at age 53 


Standing 


2,427 


1.59 (0.48, 2.70) 


2.83 


0.005 


-0.07 (-0.11, -0.03) 


3.60 


0.000 








^^^alking 


2,432 


2 20 d 09 ? 29) 


3.91 


0.000 


— 0 09 ( — 0 12 —0 05) 


4.86 


0.000 




1 




Speech 


2,340 


— on (— 0 76 0 49) 


0.41 


0.681 


— 0 00 f — 0 02 0 02) 


0.31 


0.755 








Teething 






u.ou 






n ^ 1 

U.J 1 


0.610 
























NART at age 
53 


Standing 


2,323 


-0.23 (-1.92, 1.45) 


0.27 


0.787 


0.01 (-0.06, 0.07) 


0.24 


0.807 




1 




Walking 


2,326 


1.22 (-0.08, 2.53) 


1.85 


0.065 


-0.04 (-0.08, 0.01) 


1.71 


0.088 








Speech 


2,239 


-0.04 (-0.65, 0.56) 


0.15 


0.882 


-0.00 (-0.02, 0.01) 


0.26 


0.796 








Teething 


2,330 


0.08 (-0.58, 0.75) 


0.25 


0.804 


-0.00 (-0.04, 0.03) 


0.31 


0.757 




Bold type indicates p < 0.05. 
IQ = intelligence quotient; CI = 


confidence interval; NART = National Adi 


lit Readin 


I Test. 







rics clinic in Ohio, retrospectively collected informa- 
tion on developmental milestones explained 34 to 43% 
of the variance in subsequent IQ. However, this rela- 
tionship was considerably weakened when sociodemo- 
graphic variables and medical diagnosis were taken into 
account. Capute and coUeagues^^ found that age of 
learning to walk was significantly associated with IQ at 
age 3 in a primary care cohort of 213 upper-middle- 
class children; 4 to 6% of the variance in IQ could be 
explained with respect to motor development.'^ 

In this study, we have demonstrated that the rela- 
tionship between infant development and subsequent 
cognitive function is not specific to the motor domain 
but also extends to speech development. Indeed, in this 
sample, the consequences of variations in the speed of 
speech development appeared to be more persistent 
than the consequences of motor developmental varia- 
tion. Speech development was related to reading com- 
prehension at age 26 even when late developers were 



excluded, whereas the motor development effect on 
reading comprehension in adulthood was no longer 
statistically significant when the analysis was restricted 
to the reference range of development. 

Why should the timing of speech development have 
a greater effect on reading comprehension in adulthood 
in comparison with the timing of motor development? 
Measures of language comprehension at 25 months are 
related to faster and more accelerated growth in expres- 
sive vocabulary across the second year,''^' indicating that 
comprehension is intricately linked to speech develop- 
ment. It may be that our finding relates to the specific 
nature of the cognitive measure at age 26, and reflects 
continuity in performance in this domain over time. As 
the only cognitive assessment at age 26 was reading 
comprehension, we are unable to test whether the same 
finding would also obtain general intellectual measures 
or other specific cognitive measures. 

We have previously speculated that the mechanisms 
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Fig 3. Intelligence quotient (IQ) at age 8 in relation to age at learning to stand in entire sample: quadratic regression 
sex, socioeconomic conditions, maternal education, and paternal education. 



ted for 



behind these long-range associations may reflect com- 
mon neural substrates for difi^erent motor and cognitive 
functions at varying stages of development. Rapid mat- 
uration of basic neural circuits involved in the attain- 
ment of developmental milestones may also lead to fa- 
vorable development of more complex cortical- 
subcortical circuits involved in higher cognitive process 
later in life/ Prior studies indicate that early connec- 
tivity between brain regions imparts sustained, mutu- 
ally trophic, or protective effects to such regions. 
Thus, early establishment of functional connectivity 
between the frontal cortex and basal ganglia may lead 
not only to early development of motor skills, but also, 
through such trophic effects, to improved frontal and 
subcortical structure. In consequence, there may be im- 
proved function in later childhood and, indeed, adult- 
hood. Recent evidence that adult brain volume in the 
frontal cortex, basal ganglia, and cerebellum is linearly 
related to the speed of infant motor development pro- 
vides some support for this hypothesis.*' 

Motor and speech development in infancy rely not 
only on specific processes but also on more general 
psychological functions such as response selection, be- 
havioral adaptation, and categorization, ^^"^^ which are 
also critical for "executive" cognitive functions later in 
life. It is notable that at age 53, development was as- 
sociated with verbal fluency but not NART score, sug- 
gesting a stronger relationship exists between develop- 
ment and executive function than between 
development and general intellectual function. We did 



find a relationship between development and general 
intellectual function at age 8, but IQ scores are not 
independent of executive function, so this is not sur- 
prising. For example, it has been claimed that the con- 
struct of general intellectual function is subserved by a 
region of the lateral frontal cortex important in the 
control of diverse forms of behavior. 

We have partially replicated our previous finding 
that infant development is linked to subsequent edu- 
cational attainment. However, in this sample, it was 
in speech development, not motor development (as 
had been apparent in the 1966 Northern Finland 
Birth Cohort), that this association was manifest. 
There are a number of possible reasons for this; for 
example, there are differences in the two cohorts in 
timing of developmental assessments, social context, 
and educational opportunities. Opportunities for chil- 
dren born in comparatively egalitarian Finland 1966 
were different from those born in 1946 in the United 
Kingdom. In the 1946 UK sample, progression to 
higher education was much less common than in peo- 
ple born in Northern Finland in 1966. In the Finnish 
sample, 40% went on to tertiary education, compared 
with less than 10% in this study, which would have 
reduced the likelihood of the detection of an effect in 
this study. This may explain the lack of association 
between motor development and educational attain- 
ment in this sample, but it does not explain why an 
effect in the speech domain was present, which sug- 
gests that early development of speech may be more 
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Table 4. Quadratic Regression Analyses Restricted to "Normal Developers": Childhood Intelligence Quotient, 
Reading Comprehension at Age 26, Verbal Fluency and National Adult Reading Test at Age 53 Regressed on 
Developmental Variables with Sex, Socioeconomic Conditions, Maternal Education, and Paternal Education 
Included in the Model as Covariates 




Milestone 


n 


P for Linear Term 
(95% CI) 


T 


P 


P for Quadratic 
Term (95% CI) 


T 


P 




IQ at age 8 


Standing 


3,506 


-0.72 (—2.98,1.54) 


0.63 


0.53 


0.02 (-0.08,0.11) 


0.37 


0.711 








Walking 


3,557 


0 74 (— 1 20 2 67) 


0.75 


0.455 


— 0.03 (—0.1 1,0.04) 


0.95 


0.344 




1 




speech 


3,300 


1.39 (0.60,2.18) 


3.45 


0.001 


-0.06 (-0.09,-0.03) 


3.99 


0.000 








1 ff^rnino" 
J. CCLIiillti 


^ S06 




0.24 


0.807 




0.21 


0.833 
























Reading com- 
prehension 
at age 26 


Standing 


2,935 


-0.54 (-2.89,1.81) 


0.45 


0.651 


0.02 (-0.08,0.13) 


0.43 


0.669 








Walking 


2,979 


1.27 (-0.79,3.34) 


1.21 


0.225 


-0.05 (-0.12,0.03) 


1.20 


0.230 




1 




Speech 


2,780 


0.91 (0.10,1.72) 


2.21 


0.027 


-0.04 (-0.07,-0.01) 


2.60 


0.009 








Teething 


2,943 


-0.09 (-1.61,1.43) 


0.11 


0.911 


-0.01 (-0.10,0.11) 


0.18 


0.861 
























Verbal Fluency 
at age 53 


Standing 


2,301 


0.01 (—3.18,3.21) 


0.01 


0.992 


0.00 (-0.14,0.14) 


0.02 


0.980 








Walking 


2,339 


0.78 (-1.91,3.48) 


0.57 


0.569 


-0.03 (-0.13,0.07) 


0.56 


0.575 




1 




Speech 


2,171 


0.01 (-1.06,1.09) 


0.02 


0.980 


-0.00 (-0.05,0.03) 


0.39 


0.697 








Teething 


2,305 


-0.44 (-1.47,2.36) 


0.45 


0.651 


0.03 (-0.17,0.11) 


0.43 


0.664 
























NART at 
age 53 


Standing 


2,222 


-2.51 (-5.52,0.50) 


1.64 


0.102 


0.11 (-0.01,0.25) 


1.68 


0.092 








Walking 


2,256 


1.86 (-0.71,4.42) 


1.42 


0.157 


-0.05 (-0.15,0.03) 


1.24 


0.214 




1 




Speech 


2,094 


0.46 (-0.55,1.47) 


0.90 


0.370 


-0.02 (-0.05,0.16) 


1.12 


0.262 








Teething 


2,330 


0.08 (-0.58,0.75) 


0.25 


0.804 


-0.01 (-0.04,0.03) 


0.31 


0.757 




IQ = intelligence 


quotient; CI — 


confidence 


interval; NART = National Adult 


Reading 


Test. 







important than motor development in regard to sub- 
sequent educational attainment. 

Previous studies of the cognitive sequelae of devel- 
opmental variance across the life span have tended to 
be drawn from nonrepresentative samples or specific 
populations such as low birth weight or low IQ. Our 
cohort is a nationally representative sample of men 
and women born in Britain in 1946. The design of 
this study provides a number of other advantages: the 
subjects are all the same age, eliminating confounding 
from this factor. The fact that the data were collected 
at a time contemporaneous with developmental mile- 
stones is likely to have resulted in increased accuracy 
of measurement. A potential criticism is that the de- 
velopmental data were collected by interviews with 
mothers as opposed to repeat examinations for re- 
search purposes by a pediatrician using validated de- 
velopmental scales. However, any putative measure- 
ment error in developmental measures would be likely 



to obscure a signal and lead to type II error as op- 
posed to type I error. In future studies, if more pre- 
cise measurements of neurodevelopment are available, 
larger effects might be demonstrated. A strength of 
the study is the inclusion of a comparison develop- 
mental measure: teething. This was not related to the 
development of the nervous system in the same way 
as speech and motor development, and thus acted as a 
control factor with respect to maternal recall. The 
lack of effects with this control measure provides ev- 
idence that the results are not generalizable to all de- 
velopmental domains, but have some specificity to 
neurodevelopmental domains. 

The effects we have demonstrated are small but are 
important for theoretical reasons and could have public 
health implications. Variations in the speed of infant de- 
velopment are related to subsequent psychiatric disorders 
such as depression"^^'^^ and schizophrenia,^^ and have re- 
cently been shown to relate to midlife physical perfor- 
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mance, which is itself a predictor of subsequent disabil- 
ity and mortality.^'^' Lower childhood and adolescent IQ 
and lower educational attainment are associated with in- 
creased rates of subsequent cardiovascular disease, hyper- 
tension, suicide, schizophrenia and other psychiatric dis- 
orders, and indeed all-cause mortality.^^"^^ Lower 
cognitive functioning in adulthood is also a predictor of 
morbidity and mortality.^"'^^'^^ Enhanced understand- 
ing of the determinants and consequences of normal 
neural, motor, and cognitive development is important 
to contextualize research into a variety of disorders that 
involve subtle disturbances of the normal trajectory of 
brain development. 
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